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Abstract: Agroforestry is considered a subsistence system that balances the urgent need 
for food and income of small scale farmers with restoration and conservation of ecosystem 
services, and climate change adaptation and mitigation. The Vi Agroforestry Program aims 
to implement agroforestry as a means to alleviate poverty and increase resilience among 
the  poorest  smallholders.  After  seven  years,  the  Vi  Agroforestry  Project  in  the  Mara 
Region of Tanzania had an inter-village variation in the proportion of households with 
tangible surviving agroforestry trees ranging from 10%–90%. Using a multiple methods 
approach,  this  variation  was  analysed  in  relation  to  changes  and  differences  among 
administrative  districts  and  project  zones  regarding  perceived  barriers  to  agroforestry 
adoption, project interventions, governance and the chronology of the process. In districts 
and zones where collaboration among the project staff, government counterparts and other 
stakeholders had been established at multiple levels, more agroforestry trees survived and a 
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larger proportion of households practiced agroforestry. The established collaboration made 
it possible to discover and consider opportunities and barriers to agroforestry development 
such as diverse stakeholder interests and perceptions. As a result, potential conflicts could 
be avoided and socially robust solutions developed, adapted and integrated into the local 
subsistence systems. 
Keywords:  dissemination  of  agroforestry;  adaptation;  technology  adoption;  poverty 
alleviation;  collaboration;  social  learning;  sustainable  development;  farming  system; 
participant observation 
 
1. Introduction 
Scaling up the establishment of trees and forest on degraded land and forests, as well as integrating 
with agriculture on arable land has received renewed attention with the increasing concern for global 
warming and climate change [1–4]. 
Agroforestry  is  considered  a  subsistence  system  that  balances  the  urgent  need  for  food  and  
income of small scale farmers with the need to restore and conserve ecosystem services. In addition, 
agroforestry  holds  a  genuine  potential  to  contribute  to  climate  adaptation  and  mitigation  [3–10].  
Nair [4] argues that trading of the sequestered carbon could be an additional opportunity for economic 
benefit to agroforestry practitioners, who are mostly resource-poor farmers in developing countries. 
Considerable research and development efforts in the past have encouraged agroforestry practices 
demonstrating  the  relationship  between  agroforestry  and  improved  livelihoods  of  small  scale  
farmers [5–7,10–14]. However, scaling up of agroforestry has often proved difficult and a variety of 
reasons has been suggested. Sanchez [15] proposed that the perceived poor return and elevated labour 
investment  of  alley  cropping  is  one  reason  for  the  poor  adoption.  Franzel  et  al.  [11]  argue  that 
agroforestry technology is knowledge intensive compared to agricultural interventions like  ―Green 
Revolution  Technologies‖  making  the  dissemination  and  adoption  processes  difficult.  Pollini  [16] 
argue that agroforestry has been designed with too much focus on biophysical process and to find the 
―perfect technology‖ with inadequate consideration of the socio-cultural realm. 
Many  projects  and  scientific  studies  are  designed  to  consider  and  analyse  few  other  than 
biophysical factors. Issues widely recognized to be critical to adoption of agroforestry, such as risk and 
uncertainty, the impact of labour,  and  market or  tenure policies, were rarely investigated [17,18]. 
Similarly,  Ajayi  et  al.  [19]  has  argued  that  the  explanation  to  the  contradicting  results  of  some 
agroforestry adoption studies lays in the institutional and social context. Mainly based on adoption 
studies of improved tree fallow, Kiptot et al. [20] have argued for the need to consider households in 
different stages of adoption, e.g., testers/experimenters, re-adopters, pseudo-adopters and adopters as 
motives differ during these stages. 
Horizontal scaling up is the spread across geographical areas and to more people, while vertical 
scaling  up  is  institutional  in  nature,  involving  different  types  of  organizations  and  stakeholders  
from  local to regional, national and international levels. This includes civil, public and business sector 
stakeholders such as grass root farmer groups, extension services, policy makers, private companies, Sustainability 2013, 5  5197 
 
and  national  and  international  organizations  [21].  In  order  to  achieve  sustainable  impact  and  to 
improve adaptive capacity, horizontal and vertical scaling up have to be linked [21–23]. Likewise, 
Long and Long [24] and Long [25], stress the importance of interactions between people, technologies 
and institutions. Sanginga et al. [26] emphasize collaboration as a way to improve coordination of the 
activities among different stakeholders. Similarly, Daniels and Walker [27] argued for the importance 
of  developing  collaborative  learning  processes  among  stakeholders  in  complex  natural  resource 
management situations. 
The majority of agroforestry-adoption studies have been based on formal household/farm surveys 
comparing  the  characteristics  of  non-adopters  with  that  of  adopters  [18,20,28,29].  Mercer  [29] 
identified village-level studies and spatial analysis of adoption as an important area for future research. 
The Vi Agroforestry Program (Vi AF) has worked with and promoted tree planting and agroforestry 
development among small scale farmers since the mid 1980s [30–38]. After seven years in operation,  
the Vi Agroforestry project in the Mara region in Tanzania (ViAFP) had an inter-village variation in 
tangible  surviving  agroforestry  trees  ranging  from  10%–90%.  Johansson  et  al.  [32]  pointed  out  
that  for  a  more  comprehensive  understanding,  it  is  necessary  to  make  a  deeper  analysis  of  the  
wider socio-cultural context of the project and the scaling up process itself considering differences in 
governance at multiple levels. The aim of this study was to improve the understanding of the pattern 
and processes of agroforestry adoption and scaling up. We used a multiple method approach to study 
differences  and  changes  among  administrative  districts  and  project  zones  in  relation  to  perceived 
barriers to agroforestry adoption, project interventions, governance, household‘s perceptions related to 
agroforestry and the chronology of the process. Our hypothesis was that important explanations to 
inter-village variation in agroforestry adoption could be found in the development process itself and 
differences in the socio-cultural context as well as governance in districts and zones. 
2. Background 
2.1. The Vi Agroforestry Program 
The Vi Agroforestry (ViAF) is a development cooperation and Non Government Organisation (NGO) 
with its headquarter in Stockholm, Sweden. Presently, ViAF reaches over one million people with 
training and advice through seven projects in the Lake Victoria basin. ViAF‘s projects are funded 
mainly  by  collections  from  the  public  and  grants  from  the  Swedish  International  Development 
Cooperation Agency (Sida). ViAF started in 1983 by the Swedish magazine ―Vi‖ (English: We), the 
voice of the consumer cooperative movement, as a tree planting project in Kenya. Subsequent projects 
were started in Uganda in 1992, in Tanzania in 1995 and 1999, and in Rwanda in 2004 [33–38]. 
2.2. The Mara Region 
The Tanzanian part of the Lake Victoria basin covers an area of 84,920 km
2, or 46% of the lake 
catchment  area,  and  includes  the  Mwanza,  Mara,  Kagera  and  Shinyanga  regions.  Each  region  is 
organised in districts, divisions, wards, and villages. On average, there were 667 people per km
2 of 
arable land in the Mara region (estimate for year 2000), i.e., 0.14 ha of cultivated land per person. At 
the time of the field work for this study, the Mara region had five districts: Tarime, Musoma, Musoma Sustainability 2013, 5  5198 
 
rural, Bunda and Serengeti, and thus these names are used in this study. Later, a sixth district, Rorya, 
was added. The lake zone, including the project area of Vi AF project, is a strip of land about 10–15 km 
wide along the lake (Figure 1) including parts of Tarime, Musoma rural and Bunda districts with  
an  altitude  from  1100–1200  m.a.s.l.  The  main  livelihoods  in  the  lake  zone  include  subsistence 
agriculture dominated by crop production, fishing and livestock keeping. 
Figure 1. Location of the Mara region Vi Agroforestry Program (AF) project area. 
 
According to official government reports (1998), people in the lake zone faced several problems 
including high and increasing pressure on arable land, low and unpredictable agricultural production 
due to erratic rainfall, increasing poverty coupled with malnutrition, high incidences of disease and 
rapid environmental degradation. The situation in Mara region and particularly the Lake zone is still 
critical.  Annual  precipitation  is  normally  less  than  900  mm  and  is  bimodal,  with  two  main  rainy Sustainability 2013, 5  5199 
 
seasons, from about mid-September to December and from February to May. The start and duration of 
the rainy season are highly variable causing difficulties in predicting the timing of farm operations. 
This  situation  for  agricultural  practices  is  further  aggravated  by  commonly  occurring  mid-season 
(January  to  February)  dry  spells.  Soils  in  the  lake  zone  are  mainly  sandy,  easily  exhausted  with  
poor water holding capacity and susceptible to erosion. There are also some pockets of heavy clay soils 
that  become  seasonally  waterlogged.  In  addition  to  the  lake  zone,  the  Mara  region  includes  the  
midland  zone  and  the  Tarime  highlands.  Eleven  ethnic  groups  are  represented  in  the  lake  zone  
with the Jita, Luo and Kuria being the largest. Jita and Luo are semi-agropastoralist and Kuria are  
agro-pastoralists [39–41]. 
2.3. The Vi Agroforestry Project in the Mara Region 
The ViAF registered a local NGO to operate their Mara region Vi Agroforestry Project (Vi-AFP).  
In 1994, the project appraisal was carried out and field activities started with the first project extension 
agents  (PEA)  employed  in  the  beginning  of  1995.  The  80%  food  insecure,  small  scale  farming 
households  of  the  Lake  zone  of  Mara  Region  was  the  target  group  of  the  project.  The  project‘s 
development objective was to make a substantial improvement in the livelihood of this group through 
improved food and nutritional security, increased fuel wood availability, and increased sources of 
income.  The  project  implementation  approach  used  was  first  labeled;  ―age  and  gender  sensitive 
participatory agroforestry extension‖. From 1999, this approach gradually developed to include a close 
collaboration with government district extension and local leaders. 
The number of project extension agents (PEA) increased from 16 in 1995 to 113 in 2000. The 
project had a total number of 155 permanent employees in December 2000. Each PEA was responsible 
for  a  specific  area  including  about  300  households  (area  of  concentration).  These  areas  were 
established in 104 villages along the lake in Tarime, Musoma and Bunda Districts. The rural project area 
was divided into seven subprojects called zones (shown in the map of Figure 1) with about 15–16 areas 
of concentration in each. With a few exceptions, all villages in a zone were located in the same 
division. A zonal manager was responsible for the running operations in each zone. The total number 
of households in the project area in 2001 was about 34,500. 
In an effort to focus on the most  useful agroforestry interventions for the small scale farmers,  
a  consolidated  package  gradually  developed  in  collaboration  with  farmers,  district  staff,  and  
ICRAF-Shinyanga (International Centre for Research on Agroforestry, today World of Agroforestry 
Centre, field station in Shinyanga). The aim was to plant all trees in a way that improved and protected 
the  soil  and  conserved  the  water  resource.  As  their  common  aim  was  to  improve  productivity  
and  sustainability  of  the  local  farming  system  the  project,  government  extension  services  and  
ICRAF-Shinyanga joined efforts. The collaboration focused on the integration of sustainable practices 
in the local subsistence systems of Mara,  including agroforestry, improved crop varieties, organic 
farming,  and  soil  and  water  conservation.  An  important  part  of  the  collaboration  was  farmers  
co-designed learning experiments. In the year 2000, 54 tree species and four improved crop varieties 
were promoted by the project [32,35,36,39,42]. Sustainability 2013, 5  5200 
 
3. Method 
The  point  of  departure  for  this  study  was  previous  studies  stressing  the  importance  of  the  
socio-cultural  context  and  governance  system  in  agroforestry  development  and  the  development 
process  itself  [16,17,19–26,32].  Apart  from  the  differences  revealed  among  villages  influencing 
agroforestry adoption in Johansson et al. [32], the study pointed out the need to further study the  
socio-cultural and governance differences at multiple levels and the dynamics of the scaling up process 
itself [32]. Hence, the aim of this study was to deepen the understanding of how this pattern and 
process influence agroforestry adoption. To do this, we used the hypothesis that important explanations 
to inter-village variation in agroforestry adoption could be found in the development process itself, the 
differences in the socio-cultural context, and the system of governance among districts and zones. 
To reach this aim and test the hypothesis, a multiple method approach was used. First, a single 
ANOVA  analysis  was  conducted  to  test  if  the  differences  among  administrative  districts  and  
project zones were significantly separated in terms of the dependent variables (Appendix I) used in 
Johansson  et  al.  [32].  Secondly,  district  and  zonal  means  were  calculated  for  the  dependent  and 
independent variables. Tukey‘s test was used for pair-wise comparisons to determine if these means 
were significantly separated between the different levels of districts and project zones. Thirdly, fitted line-
plots were used with the district or project zone as a categorical variable to determine if the influence 
of the independent variables (presented in Table 1 and Appendix II) used in Johansson et al. [32] on 
project outcome (the five dependent variables) was neutral, positive or negative among the different 
levels of districts and zones. 
Table  1.  Factors  considered  in  five  social  and  ecological  subsystems  of  adoption 
represented by 26 variables (adopted from Johansson et al. [32]). 
Subsystems of adoption  Factor  Variables 
i  Local governance 
Local governance related to 
agroforestry development 
Local collaboration, administrative 
district and project zone 
ii  Local belief  
Perceptions related to trees and 
agroforestry  
Perceived labour requirement of tree 
establishment, perception of tree 
ownership and the benefits of 
agroforestry trees 
iii  Physical environment  Characteristics of soil and water  
Main soil type, water sources and 
distance to the lake 
iv  Subsistence system 
Subsistence activities and 
practices affecting agroforestry 
establishment 
Main economic activity, tilling method 
and main crop 
v  Project  Project interventions  
Level, duration and type of project 
activities and characteristics of the 
project extension agent 
Finally,  we  did  a  qualitative  analysis  of  data  collected  using  participatory  observations  and  
official  and  internal  project  documents  ranging  from  meeting  protocols,  project  accounts,  notes  
and  documented  discussions  among  project  staff  and  project  partners.  Our  analysis  included  the 
following iterative steps; (1) reading of the data material; (2) structuring of the dataset and writing;  Sustainability 2013, 5  5201 
 
(3) discussions about what was written including descriptive models of the chronology of change 
considering differences among districts  and zones; (4) discussions and reflections on the text and  
the models; (5) to confirm and validate the qualitative analyses comparing with quantitative results;  
(6) trying to falsify our findings using the same dataset; (7) relate the results with similar scholarly work. 
Then, we went back through the steps several more times to assure that all our findings were well 
grounded in the data [43]. 
Collaboration was assessed in terms of regular or occasional interaction and whether the interest  
to  collaborate  was  one-way  or  two-way,  giving  four  levels:  (i)  occasional  interaction  with  
one-way  interest  to  collaborate;  (ii)  occasional  interaction  with  two-way  interest  to  collaborate;  
(iii) regular interaction with one-way efforts to collaborate; (iv) regular interaction with two-way efforts  
to collaborate. 
The author group includes representatives from different levels and sectors of the project and the 
scaling up process, e.g., the program (international NGO), project (local NGO), local government 
institutions (Regional and District Agricultural Office) and adaptive research (international research 
NGO). This multiple method approach enables us to better consider the socio-cultural realm and the 
governance context within which the adoption of agroforestry takes place stressed in a number of 
agroforestry adoption studies (e.g., [11,16,18–20,29]). Similar multiple-method approaches have proved 
useful in other research fields, e.g., health sector [44,45], recreation [46] and in inter-sector studies of 
health and horticulture research [47]. 
4. Result and Discussion 
4.1. A Chronological Account of the Scaling Up-Process  
After a slow and struggling start from 1994, the scaling up process started to gain momentum in 
1999.  From  about  5000  households  in  1999,  the  total  number  of  households  with  surviving 
agroforestry trees reached close to 20,000 in 2001 (Figure 2). Farmers‘ perceptions of the benefits of 
agroforestry and its influence on agricultural crops and soil were highly variable in the project area. 
Households believed in general that all tree species have a negative influence on the crops if planted in 
or nearby agricultural fields. Gradually it was realized that this perception was also reinforced through 
a message extended to the households by the government agricultural extension agents (Figure 3). 
Farmers were told not to plant trees in the crop fields as trees were perceived as interfering with crops. 
The agricultural extension agents even denied farmers seeds of improved crop varieties if they planted 
trees. This incompatible message of the project and government extension agents was recognized and 
understood in the beginning of 1998. With improved collaboration and joint training of government 
and  project  extension  agents  (Figure  3),  the  conflict  gradually  diminished.  As  a  result,  farmers‘ 
experience  of  the  benefits  and  their  perception  of  the  influence  of  agroforestry  trees  on  crops 
progressively improved. In 2001, it was found that, on average, close to 37% of the 34,500 households 
in the project area believed that agroforestry trees had some reasonably good effect on the crop and/or 
soil. Musoma rural district and Suguti zone had the highest proportion of households believing in the 
good effect of agroforestry. Sustainability 2013, 5  5202 
 
Figure 2. Progress of scaling up in terms of total number of households with surviving 
agroforestry trees (Sr ≥ 1), out of the 34,500 households in the project area. The histogram 
indicates the additional number of households with surviving trees each year. Dotted lines 
and light grey columns are based on reports from the project extension agents. 
 
* data from VEA reports; ** data from participatory performance assessment in August–September 
2000;  Hh  with  surviving  trees/soil  improvers  planted  during  the  short  rains  in  the  end  of 
1999/beginning of 2000 (275 mm rainfall) and the long rains lasting from March to end of April 
2000, (340 mm rainfall);*** data collected for this study in May 2001. 
In 1997, collaboration and involvement of local stakeholders was limited to occasional meetings 
with the regional and district forest offices (Figures 3 and 4). Agreements were established with the 
village leadership in each new village included in the project. As the relationship between village 
leadership, the households and the PEA was identified as one important condition to improve project 
outcome strategies and efforts were designed to develop local collaboration (Table 2). Collaboration 
gradually improved but the rate of improvement differed depending on area. The interest and intensity 
of collaboration between different local government functions (executive, technical and political) in 
support of the project efforts varied depending on the district, division/project zone, ward and village 
(see  Figures  3–6).  After  the  election  in  October  2000,  and  the  resulting  change of  the  politically 
appointed leadership at village to district levels, relationships that had previously not developed as 
planned improved. Not only did the relationship between the project and government leaders and staff 
improve,  it  was  also  perceived  among  project  staff  and  households  that  these  changes  improved 
collaboration in general and particularly between households and the village leadership. 
In mid 1998, the project management realized that a majority of households in the project area were 
unsure that they were the legal owners of the trees they plant on their land and thus they were not sure 
they would be allowed to harvest the trees they plant (Figure 3). This belief was found to be rooted in a 
government  policy,  the  Forests  Reserved  Trees  Order  [48],  restricting  the  cutting  of  certain  high 
quality timber species. This policy had been enforced by the forest service mainly in the woodland 
savannahs (Miombo) forest areas of Tanzania. The issue was raised with the regional commissioner 
and ways to handle it discussed. Sustainability 2013, 5  5203 
 
Figure 3. Changes and chronology of perceived barrier, project intervention, development 
of governance and change in households‘ perception. 
 
Figure  4.  Illustration  of  project  interaction  and  collaboration  with  local  government 
institutions from region to village levels at the end of 1997. The colors blue, green and red 
represent  the  executive,  technical  and  political  sections  of  the  local  government 
administration,  respectively.  The  vertical  red  line  between  government  and  project 
extension agent indicate the conflict between them. 
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Table 2. The main components and developments of the project implementation strategy 
and process, with comments on implementation. 
Component  Implementation 
A decentralised organisation: Zones were established as  
sub-projects with zonal mangers (ZM) developing zonal work plan 
(WP) together with the project extension agents (PEA). 
Zonal managers appointed in 1997, 
zonal WP developed in end of 1998 
Concentration: PEAs work in well-defined areas with not more than 
350 households, i.e., Area of Concentration (AoC). 
Implemented from mid 1998 
Regular capacity building of project staff: Monthly workshops 
conducted for ZM‘s and bursh-up workshops for PEA‘s with focus on 
the most urgent needs according to season, identified by the ZMs and 
PEAs themselves. 
Started in end of 1998 
Action planning in groups at sub-village level (GAP). Workshops 
were conducted in small corporate groups of households to evaluate 
previous seasons work, put up targets for the coming season and 
make plans to reach the set targets. 
Started in 2000; 13,000 Hhs had been 
engaged in GAP-groups/exercises up 
to May 2001 
Joint training with district agricultural office involving both 
agricultural extension agent (AEA) and PEA. 
Courses six times/year starting with 
Musoma district from mid 1999 
Step-wise building of household capacity: Households capacity to be 
considered when advising farmer on quantities and interventions 
taking the households a step at a time towards a well-integrated and 
increasingly comprehensive farming system. 
Started in the beginning of 2000 
Partnership with local leaders: Local leaders participate in 
organising meetings and training events, distribution of seeds and 
follow-up of field activities. 
Implemented from 1999—practiced 
in 50% of villages in mid 2001 
Adaptive action research and extension: To involve farmers, 
agricultural extension, ICRAF, other NGOs and Lake Zone 
Agriculture Research and Development Institute in adaptive  
action research to develop and integrate sustainable interventions  
in collaboration. 
Started in 1999: 420 Hh in 40 
villages involved in research 
collaboration at the end of 2000 
Action oriented learning: To improve the capacity of PEAs and 
households to participate in action oriented and self-discovery 
learning (LePSa). 
Started in 1998; 2 ×  2 week LePSa 
course for PEA 
Employee performance appraisal (EPA) based on implementation 
assessment -PEAs committed themselves in consensus with the ZM 
to targets for the coming two seasons while the project took on 
commitment for training and meetings requested by the PEA. 
The first EPA was conducted in the 
end of 2000 
This resulted in assistance  mainly from the region and districts. In the beginning of 1999, the 
regional and district commissioners started to inform farmers in public meetings that whatever tree 
species they planted on their own land will be their property. This gradually became the message of 
most actors involved with the farmers but the perception of ownership still varied in 2001 from one 
district and zone to another (Figure 3). Hence, the success to change this perception also varied. In 2001, it 
was found that approximately 60% of the 34,500 households in the project area believed they would be 
allowed to harvest the trees they plant. Two thirds of the households in the Suguti zone believed that Sustainability 2013, 5  5205 
 
they own the trees they planted, which is the highest proportion among all zones. This could not have 
been accomplished without the involvement of higher authority and agreement among stakeholders.  
Figure 5. Illustration of project interaction and collaboration in Tarime and Bunda districts 
with different local government institutions from region to village levels in mid 2001. For 
further explanation see Figure 4. 
 
Figure 6. Illustration of project interaction and collaboration in the Musoma rural district 
with  different  local government institutions from region  to village levels in  mid 2001.  
For further explanation see Figure 4. 
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Another obstacle to a regular tree planting commitment was the general belief that trees are planted 
once and these trees must mature and be harvested before trees can be planted again. Furthermore, the 
reporting system of the project had a focus on the number of households with surviving trees. This 
gave no incentive for PEA to go back and build motivation for tree planting among farmers that 
already had surviving trees. This problem was realized quite late and a change in the reporting format 
providing for the number of households with surviving trees during multiple seasons was included in 
the beginning of year 2000. Gradually, with the awareness of these problems, the project strategy was 
amended (Table 2). From a focus on technical training of tree establishment during the first 3–4 years, 
the in-service training gradually changed, to build the PEAs‘ capacity to empower the households and 
to build collaboration and partnership between leaders, extension service and households. 
PEAs were trained in the LePSA approach (Learner-centred, Problem-posing, Self-discovery and 
Action-oriented) [49] as part of this strategy (Table 2). This training started in mid 1998 and was 
carried out as the two last steps (two weeks each) of an eight-week training program for the PEA to 
complement the previously more technically oriented training. As a result of this training and other 
project efforts (Table 2), collaboration and integration of the project into local structures improved 
considerably from 1999, particularly in the Musoma rural district (Figures 3–6). 
To  facilitate  learning,  project  activities  were  integrated  with  adaptive research  done  mainly  by 
ICRAF  and  to  some  extent  by  the  Lake  Zone  Agricultural  Research  and  Development  Institute 
(LZARDI).  Farmers  were  encouraged  to  bring  up  tasks  that  where  collaboratively  addressed  
and solutions developed among farmers, project staff, researchers and agricultural staff. In the end  
of the year 2000, the number of farmers involved in research collaboration reached 420, distributed in  
40 villages [42] (Figure 6, top). 
A  stakeholder  workshop  was  conducted  in  Tarime  on  24–25  April  2001  involving  farmer 
representatives, all NGO and government organizations active in the agricultural sector of the Mara 
region, ICRAF Shinjanga, and the LZARDI. A common platform for collaboration was initiated at  
the regional level for integrated soil fertility management, a subject agreed to be applicable to all 
stakeholders‘  work.  The  platform  was  expected  to  harmonize  and  integrate  plans,  activities  and 
messages  from  different  stakeholders  in  the  region.  It  was  further  agreed  that  the  ICRAF-ViAFP 
research  farmers  together  with  the  LZARDI  farmers  should  form  a  common  ground  on  which 
sustainable practices could jointly be developed and integrated into the local farming systems (Figure 6). 
The integration and cooperation between government and project structures and its development is 
illustrated in Figures 4–6. The ViAF-Program coordinator participated in meetings at interregional  
and national levels concerning development efforts of the Lake Victoria basin. Project managers and 
sometimes the program coordinator participated in meetings with the Mara regional administration. 
Project headquarter staff and zonal managers participated in regular district management meetings to 
integrate project plans with district government plans and to coordinate project extension messages and 
training with those of the government agricultural extension. Training of the project extension agents 
was increasingly carried out jointly with training of government agricultural extension agents. The 
joint training session were shared by the project and government extension every second month. As the 
administrative divisions were about the same as project zones, division executive officers and ward 
executive officers participated in quarterly project meetings arranged at division level including all 
PEAs  in  the  division,  the  project  zonal  manager  and  staff  from  the  project  HQ.  Ward  executive Sustainability 2013, 5  5207 
 
officers, village leaders and sub-village leaders were involved in project activities, like awareness 
creation,  training  events,  seed  distribution,  village  meetings  and  follow  up  of  project  activities. 
However, as mentioned above, the intensity of interactions and interest to collaborate varied among 
district (Figures 5 and 6). In 2001, regular collaboration with multiple interests had developed in 
Musoma rural district from village to district levels while in Bunda and Tarime districts, collaboration 
was more dependent on project initiatives and support (Figures 3–6). 
4.2. Local Governance and Belief System 
Using single ANOVA analyses of the dependent variables against the district and the zone, we 
found that the differences among districts and among project zones were significant (p-value<0.050) in 
terms of all dependent variables used except for the proportion of households with few surviving trees  
(Table 3). Hence, the situation in the district and project zone in which the villages were situated was 
clearly important for the household‘s decision to continue to establish and integrate trees on their farm. 
Table  3.  Level  of  significant  influence  of  district  and  project  zone  tested  with  single 
ANOVA against five dependent variables (Table 1). 
Area 
% Households 
with 1–30 
surviving trees 
% Households 
with 40 or 
more surviving 
trees 
% Households 
with 5 or more 
surviving 
species 
Total no. of 
surviving trees 
divided by all 
households 
Total no. of 
seasons from 
which trees 
had survived 
Administrative 
district 
ns  0.013  0.015  0.012  0.010 
Project zone  ns  0.006  0.011  0.005  0.017 
The villages in Musoma rural district had in general a larger proportion of households practising 
agroforestry and more surviving trees per household compared to the other two districts (Table 4, the 
last four columns). In the Musoma rural district, farmers also had to a larger extent adopted tree 
planting into the seasonal farming calendar (Table 4, the last column). 
Suguti  zone  had  the  largest  proportion  of  households  practising  agroforestry  and  with  more 
surviving trees per households compared to the other zones (Table 4). The Majita zone had the highest 
proportion of households with few surviving trees, which was expected as it was the newest project 
zone. Majita zone had in general a project outcome across the five significant responses similar to that 
of the zones in Tarime and Bunda districts (Table 4). At the time when the Majita zone was established 
in 1999–2000, collaboration in the Musoma rural district was already well developed. Appropriate 
examples of good agroforestry farmers were readily available in the neighbouring zone  of Suguti. 
Furthermore, one pilot village in Majita was operated through the Suguti zone one year in advance of 
the start up of the Majita zone. 
Although local collaboration did not come out as an important factor explaining the inter-village 
variation  in  the  project  outcome,  the  most  advanced  performing  district  (Table  4)  Musoma  rural, 
located closest to the project headquarter, benefited from a well developed collaboration at all levels 
(compare Figures 5 and 6). Among the zones, collaboration in Kinesi and Suguti zones were perceived Sustainability 2013, 5  5208 
 
by  the  project  advisors  to  be  more  developed  compared  to  that  in  the  other  zones  (Table  5,  
column one). 
Table 4. Average project outcome in the three district and seven project zones across the 
five dependent variables, columns 2–6, (Appendix I) expressed in proportion of households 
(Hh) out of 34,500 (columns 1–4), number of trees per Hh (column 5) and total number of 
seasons from which trees have survived (column 6). Districts and zones with the same 
letter within the same column are not significantly separated (Tukey‘s test of pair wise 
differences).  Upper  case  bold  and  lower  case  normal  letters  are  used  for  districts  and  
zones, respectively. 
District/Zone 
% of Hh with 
1–30 and 40 
surviving 
trees or more 
% Hh 
with 1–30 
surviving 
trees 
% Hh with 
40 or more 
surviving 
trees 
% Hh with 
5 or more 
surviving 
species 
Average 
no. of 
surviving 
trees per 
Hh 
Total no. of 
seasons from 
which trees 
have survived 
Tarime  50.7  28.8 A  21.9 AB  40.6 AB  35.1 AB  14.9 B 
1 Shirati  47.6  24.4 a  23.2 ab  36.2 ab  36 ab  13.3 b 
2 Kinesi  54.3  34.1 a  20.2 b  46.0 ab  34 ab  15.9 ab 
Musoma  60.9  30.1 A  30.8 A  47.4 A  45.1 A  18.6 A 
3 Musoma  58.2  25.6 a  32.6 ab  48.0 ab  51 ab  19.5 ab 
4 Suguti  65.4  27.6 a  37.8 a  53.6 a  55 a  20.1 a 
5 Majita  58.3  38.1 a  20.2 b  38.9 ab  25 ab  16.0 ab 
Bunda  50.8  30.7 A  20.1 B  34.8 B  24.3 B  14.6 B 
6 Kenkombyo  47.0  27.4 a  19.6 ab  36.3 ab  26 ab  12.2 ab 
7 Nansimo  53.0  32.6 a  20.4 b  34.0 b  23 b  15.9 ab 
Project %  54.1  29.9  24.3  40.9  34.8  16.0 
Table  5.  District  and  zonal  mean  of  variables  related  to  local  collaboration  and  key 
perception in the village (for further explanation, see Table 4).  
District/Zone 
Project advisors 
scoring from 1  
to 5 
% of households 
scoring the 
collaboration between 
PEA and village 
leaders to be good 
% of households 
believing they own 
the trees they plant 
% of households 
believing in the good 
effect of agroforestry 
Tarime  4.07 A  59.1 A  53.1 A  35.1 A 
1 Shirati  3.73 b  57.2 a  51.5 a  37.9 a 
2 Kinesi  4.50 a  61.5 a  55.1 a  31.6 a 
Musoma  4.30 A  62.4 A  62.6 A  39.5 A 
3 Musoma  4.31 ab  64.1 a  60.7 a  38.5 a 
4 Suguti  4.33 ab  64.8 a  67.3 a  44.5 a 
5 Majita  4.25 ab  57.5 a  58.6 a  34.2 a 
Bunda  4.14 A  63.9 A  62.5 A  36.9 A 
6 Kenkombyo  4.12 ab  64.9 a  64.9 a  38.8 a 
7 Nansimo  4.14 ab  63.3 a  61.1 a  35.8 a Sustainability 2013, 5  5209 
 
In Johansson et al., households‘ perception of tree ownership (Table 5, column three) was one of 
the two most influential variables in the models explaining the variation in the village proportion of 
households with a tangible and long-term commitment to agroforestry, whereas it was not included in 
the model explaining the variation in households testing agroforestry [32]. Project outcome improved 
in general with an increasing proportion of households believing they owned the trees they planted 
(Appendix III, Figure A1). Among the districts, Musoma rural, and among the zones, Suguti had the largest 
proportion of households believing they owned the trees they plant (Table 5, column three). 
Households‘ perception of the effect of agroforestry-trees planted in the cropland had the strongest 
effect in the model explaining the variation in the average number of trees per households [32]. In a 
plot, this effect appears marginal to positive depending on zone or district (Appendix III, Figure A2). 
Among the three districts, the proportion of households believing in the good effect of agroforestry 
trees was largest in Musoma rural and among the seven zones, Suguti had the largest proportion in this 
respect (Table 5, last column). 
The  strong  influence  of  households‘  perceptions  shows  that  households  may  carry  views  on 
interventions that have a clear impact on the adoption and scaling up process. These views are often 
not observable, difficult to learn about and thus hard to handle. When the numbers grew of households 
in a village with evidence of harvested trees and with a good effect on the crops, late adopters may 
have been convinced to start with tree planting and agroforestry due to this good result rather than as a 
direct consequence of project interventions or improved collaboration. However, when these adverse 
beliefs were first discovered in 1998 it was clearly an obstacle for the progress of adoption in almost 
all  villages,  an  obstacle  that  decreased  with  increasing  project  efforts  and  agreement  among 
stakeholders (Figure 3). 
4.3. Physical Environment and Subsistence System 
The sandy luseni soil dominated the villages in Musoma rural district whereas the more clay rich 
mbuga-soil was more common in Tarime district. At the zone level, Musoma and Majita zone were 
dominated by the sandy luseni soil. In Kinesi and Kenkombyo zones, mbuga soil was dominating with 
Shirati and Suguti zones being intermediate in this respect (Table 6, column one). 
It is obvious from the data presented in Table 6 that co-variation also existed between soil type, 
main crop and main tilling method; manual tilling and cassava generally dominate in villages with 
sandy soil. At the district level, the district dominated with sandy soil, manual ridging and cassava 
appears to be the best performing district in terms of project outcome,  i.e., Musoma rural district 
(compare Tables 4 and 6) despite poor water holding capacity and easily eroded soils. At the zonal 
level, the Suguti zone with the highest proportion of agroforestry adoption has about half of its villages 
dominated with sandy soil, manual ridging and cassava whereas the other half are dominated with the 
clay rich mbuga soil, flat ploughing and cultivation of other crops besides cassava. Even though these 
variables  influence  the  project  outcome,  this  inconsistency  between  the  district  and  zone  levels 
indicates that there are other factors that also influenced project outcomes. Sustainability 2013, 5  5210 
 
Table 6. Physical and farming system variations among districts and zones (for further 
explanation, see Table 4). 
District/Zone 
% of villages dominated 
with sandy soil 
% of villages 
dominated by cassava 
% of villages dominated by 
manual tilling 
Tarime  44 A  52 B  26 A 
1 Shirati  67 b  60 ab  47 b 
2 Kinesi  17 c  42 bc  0 c 
Musoma  80 B  78 A  82 B 
3 Musoma  100 a  100 a  100 a 
4 Suguti  47 bc  40 bc  53 b 
5 Majita  100 a  100 a  100 a 
Bunda  64 AB  00 C  77 BC 
6 Kenkombyo  25 c  0 cd  100 a 
7 Nansimo  86 ab  0 d  33 b 
4.4. Project Interventions and Project Outcome 
The most significant differences among districts and zones in terms of tree survival and agroforestry 
adoption as a result of the project were accomplished through field training workshops and farmer to 
farmer  tours  (Table  7).  Correspondingly,  the  district  and  the  zone  with  the  largest  proportion  of 
agroforestry households and number of surviving trees, the Musoma rural district and the Suguti zone, 
had the highest number of conducted farmer to farmer tours (Table 4 and 7). Still the proportion of 
households in these two areas ranking the PEAs as very competent in agroforestry was among the 
smallest compared to that of the other districts and zones (Table 7, column three). 
Table 7. District and zonal mean of variables related to the capacity and attributes of the 
project extension agent and project interventions in the village (for further explanation, see 
Table 4).  
Districts/Zones 
No. of 
training 
workshops 
per 
household 
No. of 
farmers to 
farmer 
tours per 
household 
% of Households 
ranking the PEA 
as best in 
agroforestry 
knowledge 
Weeks of 
PEA’s  
in-service 
training 
Months of 
PEA’s 
project 
employment 
Months 
of 
project 
activities 
Tarime  0.66 B  0.17 B  0.792 A  4.70 A  31.7 A  49.1 A 
1 Shirati  0.53 b  0.15 b  0.803 a  4.60 a  31.7 a  51.7 a 
2 Kinesi  0.82 ab  0.18 ab  0.782 a  4.83 a  31.7 a  45.9 a 
Musoma  1.00 A  0.27 A  0.738 A  5.05 A  34.7 A  44.3 A 
3 Musoma   0.91 ab  0.20 ab  0.758 a  5.00 a  38.4 a  55.5 a 
4 Suguti  1.09 a  0.35 a  0.705 a  5.73 a  41.2 a  53.8 a 
5 Majita  1.00 ab  0.26 ab  0.750 a  4.25 a  22.5 a  20.3 b 
Bunda  1.00 A  0.23 AB  0.822 A  5.68 A  37.3 A  48.8 A 
6 Kenkombyo  1.05 ab  0.30 ab  0.815 a  4.87 a  31.6 a  46.0 a 
7 Nansimo  0.97 ab  0.18 ab  0.830 a  6.14 a  40.6 a  50.4 a Sustainability 2013, 5  5211 
 
PEAs stationed in Bunda district had the longest in-service training compared to the other districts. 
Among  the  zones,  Nansumo  and  Suguti  zone had  PEAs  with  the longest  in-service  training.  The 
differences in in-service training among districts and zones were also similar in terms of the PEAs‘ 
length of project employment. The project had been active for the longest period of time (Table 7,  
last  column)  in  Tarime  district  and  Musoma  zone  as  compared  to  the  other  two  districts  and  six  
zones, respectively. 
Johansson et al. [32] showed, in line with the above results, that the proportion of households 
ranking the PEAs knowledge in agroforestry as the best in the village had a positive effect on their 
decision to start planting trees but a negative effect on their decision to continue with agroforestry. 
This relationship was the reverse for the households‘ perception of the number of farmer-to-farmer 
tours conducted in their village. In the Suguti zone, a similar pattern appeared if independent variables  
used in Johansson et al. [32] (Appendix II) are plotted against the proportion of household testing 
agroforestry (with 1–30 surviving trees) compared to a plot against the proportion of households with a 
tangible  commitment  to  agroforestry  (with  40  or  more  surviving trees,  Figure  7).  The  number  of 
households with many surviving trees was more common in new villages compared to that in old 
villages, indicating that the duration of project activities in a village had a negative effect on the 
proportion of committed households.  In  contrast,  an  increasing number of training and  awareness 
events,  improved  local  collaboration,  an  increasing  proportion  of  households  believing  in  the 
ownership of trees and the good effect of agroforestry, all contributed to increase the proportion of 
households with many surviving trees in Suguti zone while the proportion of households with few 
surviving trees decreased (Figure 7). 
This suggest that these changes were not important or even negative to the households‘ decision to 
start planting trees while they were important for their decision to continue with tree planting and 
agroforestry. In  the other zones, the  influence of  the five last effect variables in Figure  7  on the 
proportion of household with few and that of many trees were more similar showing a general positive 
effect. Hence, these five variables had a positive relationship on agroforestry development in general. 
4.5. The Process of Learning, Adaption and Adoption: Synthesizing the Results 
The  results  of  this  study  suggest  in  line  with  earlier  research  [19,32]  that  the  availability  of 
information  and  training  are  important  for  farmers‘  decisions  to  start  testing  a  new  technology  
whereas socio-cultural issues becomes an additional challenge for a continuation beyond the testing 
phase leading to adoption of the technology [16–20]. This study also demonstrates the importance of 
governance and collaboration for the adoption process, the need to integrate project activities and 
capacity building into local structures to provide leverage in adaptation, adoption, and scaling up. 
As the proportion of agroforestry households in the Suguti villages was comparatively high, above 
65%  on  average  (Table  4,  first  column),  a  larger  proportion  of  these  households  was  part  of  the 
agroforestry development progress as compared to the zones where the proportion of agroforestry 
households was smaller. Hence, an increase in the number of farmer-to-farmer tours in Suguti villages, 
and/or  improved  perception  of  tree  ownership  and  local  collaboration,  increased  the  number  of 
surviving trees mainly among households that already had agroforestry capacity and surviving trees, 
moving them from the proportion with few trees to that of many surviving trees. In the other zones Sustainability 2013, 5  5212 
 
with an average of less than 60% of households involved (Table 4, column two), the strength of this 
interaction was less pronounced (Figure 7). This suggests that the level of committed households in 
Suguti had reached a ―tipping point‖ moving households from the proportion of testing households to 
the proportion of more committed households.  
Figure 7. Scatter plots of independent variables against the proportion of households with 
some surviving agroforestry trees (Sr1–30) and the proportion of households with many 
surviving trees (Sr ≥ 40) showing a tipping-point in the Suguti zone (No. 4). 
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As the knowledge in agroforestry and the number of good examples were increasing in villages, like 
the villages in the Suguti zone, households had an increasing number of actors locally available for 
advice and with appropriate examples in agroforestry, besides the PEA and the project. Thus, the role 
of the PEA as the main advisor in agroforestry decreased in these villages. This explains why the 
proportion of households ranking their PEAs as very competent regarding agroforestry decreased with 
an increasing proportion of households with surviving trees (Figure 7 and Table 4 [32]). It further 
indicates a shift in the dissemination process itself, from being led by the project to a more self-driven 
process,  in  villages  with  many  agroforestry  farmers,  many  surviving  trees  and  thus  many  good 
examples of agroforestry (Table 4). 
As the proportion of household increased in a village beyond the pioneer farmers a growing number 
of the 80% food insecure households in the Mara lake zone [39] became involved. As the average 
number of trees and species per household increased, a growing number of households moved from 
just planting trees on miscellaneous land to integrating trees with other components of the subsistence 
system.  With  a  growing  proportion  of  households  integrating  an  increasing  number  of  trees  on  
their  farm,  the  number  of  farming  practices,  components  and  stakeholders  affected  and  involved  
increased, e.g., support and production of staple crops, cash crops, livestock. Hence, the importance of 
streamlining and integrating farmers‘ training extension messages and adaptation with government 
extension and other organisations involved with the same households became increasingly critical. 
The above results show, in line with Pollini [16], Ajayi et al. [19], and Johansson et al. [32], that the 
explanation to the contradictions similar to those found in this study often lies in the institutional and 
social-cultural contexts and requires a deeper understanding of the dynamics of the adoption processes 
of the respective study areas. In the decision to continue using  a technology or not lies not only 
biophysical,  technical  and  economic  considerations,  the  prevailing  socio-cultural  contexts  such  as 
customs, obligations, beliefs and supportive governance are also important. These variations within the 
project area made the extension work demanding, involving effort beyond the PEA and the project to 
adapt  and  integrate  interventions.  A  number  of  other  studies  (e.g.,  [11–20,29])  show  how  these 
complex challenges affect agroforestry dissemination and development. 
At the beginning of the project, involvement of farmers and local stakeholders and agricultural 
extension  was  limited.  It  was  technically  trained  extension  workers  disseminating  ―blueprint‖ 
interventions. In line with Long and Long [24], and Long [25], stressing the importance of interactions 
between people, technologies and institutions (organisations), from 1998 the emphasis of the PEAs‘ 
training was placed on building their capacity to actively involve households and local stakeholders in  
the adaptation, integration and dissemination process. Sanginga et al. [26], Sood and Mitchell [50]  
have stated that good collaboration improves coordination of the activities of different stakeholders 
streamlining extension, adaptive research and extension messages. Apart from collaboration at the 
village level, collaboration at the ward, district and division levels gradually became a central part of 
the project strategy and collaboration gradually improved at and between multiple levels (Table 2      
and Figures 3–6). 
In the pre-scaling up situation, important actors such as the politicians, executives and technical 
staff of different line ministries presented differing messages in relation to tree-ownership, seasonal 
planting of trees and the benefit of agroforestry (Figure 3). This situation changed considerably with 
time, particularly in the Musoma rural district; extension messages and in-service training of different Sustainability 2013, 5  5214 
 
stakeholders  became  increasingly  synchronized  (compare  Figures  4–6).  The  conflicting  messages 
about  the  effects  of  agroforestry  trees  on  crops  gradually  converged.  Integrated  farmer-researcher 
designed experiments were critical in convincing households, agricultural extension services and even 
the project extension agents about the good effect of agroforestry. Agroforestry practices disseminated 
by the project and farm practices disseminated by the agricultural staff became increasingly compatible 
and  integrated.  With  a  growing  involvement  of  the  agricultural  staff,  agroforestry  practices,  tree 
establishment and management gradually became part of farmers‘ seasonal farm calendar and their 
perception of the same. 
Collaboration with leaders and executives from a village to regional level were instrumental in 
helping farmers trust that they owned the trees they plant. The project could not have done this without 
their involvement in  solving this critical  barrier  to  adoption (Figure 3). The collaborative process 
reached in the Musoma rural district resembles Daniels and Walker‘s [27] concept of collaborative 
learning  as  an  approach  among  stakeholders  that  makes  them  an  integral  part  of  the  process, 
integrating and developing their knowledge and increasing the social capital. Collaboration at multiple 
levels was important in order to strengthen the local social capital to exchange knowledge and ideas, 
learn together and reach consensus in critical issues from household to regional levels and for all to 
converge in the same direction in the Mara region. 
Mercer and Miller [17], Pattanayak et al. [18]  and  Mercer [29] discuss  the importance of risk  
and uncertainty in agroforestry. Whereas, risk and uncertainty is widely recognized to be critical to 
adoption, it has rarely been considered in agroforestry. It is obvious that the long time from investment 
(nursery and planting) to experienced benefits (harvesting of wood and non-wood forest products) is 
an important aspect of agroforestry adoption; particularly for poor food-insecure farmers that have  
more urgent priorities than long term investments. The link between improved food production and 
agroforestry is not obvious and immediate enough to motivate the poor to invest in agroforestry. 
A collaborative learning process contributes not only to understanding and handling of actual risks 
and benefits of agroforestry but also the farmers‘ perception of the same. It is also important that 
involved stakeholders understand development of collaboration as a stepwise learning process [51]. 
With all involved, the actual improvement farmers gain also becomes obvious to all and therefore 
mutually  supported.  Interventions  that  fail  to  pass  the  ―test-criteria‖  of  the  farmers  and  other 
stakeholders will be exposed in due time before further dissemination, decreasing the risk of failure 
and backlashes. A growing proportion of households with experienced benefits of agroforestry, like  
in the Suguti zone, contribute to improve an initially negative local perception of risk in relation to 
agroforestry investment. Through the collaborative learning process, important simple and appropriate 
solutions were invented and developed decreasing the actual and perceived labour cost and risk. 
One example is the use of a cassava fields to protect and harvest water for tree seedlings. As a crop 
of cassava stays considerably longer than other crops, seedlings planted in a cassava field are protected 
for a longer period compared to seedlings planted with other crops. Tree seedlings were planted in 
relation to tied ridges using the furrow for water harvesting. Timing and spacing of soil improvers in 
relation to different crops and weeding practices were also optimized in the collaborative process 
involving the perspectives of farmers as well as agricultural and agroforestry researchers and extension 
services. In this way, compatibility and synergies between the tree component and other components 
of the local subsistence systems gradually improved and became more evident to the farmers. Sustainability 2013, 5  5215 
 
With  an  improved  perception  of  risk  and  the  benefits  of  trees,  households  gradually  became 
incentivized to continue. Also, as the project actively promoted seasonal planting from the start of the 
year  2000,  seasonal  planting  of  agroforestry  trees  increased.  Season  after  season  of  additional 
surviving trees will eventually lead to the possibility to also harvest trees seasonally. 
The  Suguti  zone,  located  in  the  district  with  the  highest  level  of  established  multi-level 
collaboration, had more than 65% of households involved in tree planting and agroforestry (Table 4, 
first column), the highest proportion of households believing in the positive effects of agroforestry 
(44%, Table 5) and the most households believing they owned the trees they plant (67%, Table 5). In 
turn, this improved their perception of the risks involved in tree planting and agroforestry.  These 
results and the potential tipping point identified in the Suguti zone signifies that tree-establishment had 
become a more regular practice compared to other zones and that tree establishment was gradually 
moving into the domains of the seasonal farming calendar. An increasing number of farmers became a 
source of knowledge, evidence and promotion of agroforestry, showing how trees can be established 
and integrated with improving survival and benefit to the other components of the farming system. As 
a result, the importance of the PEA as a source of agroforestry knowledge and dissemination decreased. 
5. Conclusions 
The results of this study show that agroforestry adoption is knowledge intensive and complex. To 
train and motivate the pioneering households in a village to plant trees for a season or two can be 
accomplished  through  the  effort  of  a  project  extension  agent.  However,  to  make  the  majority  of 
households  in  a  village  adopt  agroforestry  practices  requires  involvement  and  efforts  beyond  the 
village level. It is necessary to develop increased levels of trust among farmers and other stakeholders 
representing different societal sectors and administrative levels to collaboratively adapt and integrate 
the improved practices into the local subsistence systems. 
The take home lessons of this study are that: 
(a)  Scaling up of agroforestry is not a one man (project) show; it requires that households and  
the majority of stakeholders involved with them at multiple levels collaborate and are part of 
the process; 
(b)  Past or present government policies may work against the intervention and scaling up process; 
(c)  The local belief system and household perceptions may include obstacles towards engagement 
in agroforestry; 
(d)  When  increased  levels  of  trust  and  collaboration  have  been  developed,  stakeholders  
can collaboratively: 
-  Identify,  consider  and  handle  opportunities,  barriers,  conflicting  approaches,  messages, 
interests and perceptions. 
-  Lower and handle the actual and perceived risk in relation to investment in agroforestry. 
-  Develop  and  disseminate  socially  robust  and  ecologically  sound  and  thus  sustainable 
solutions that improve the existing subsistence systems. 
-  Identify  and  handle  government  policies  and  other  non  obvious  obstacles  that  are 
incompatible with the proposed new practices. 
-  Make the process self driven and thus less independent from project activities and support. Sustainability 2013, 5  5216 
 
The  result  of  this  study  also  shows  that,  apart  from  advancing  agroforestry  development,  an 
inclusive  multi-level  collaborative  approach,  empowers  the  community,  strengthen  local  people‘s 
rights and their capacity to improve their lives. Collaborative learning among stakeholders built on 
respect, equity and empowerment formed the basis for identifying barriers and developing solutions 
and was a critical success factor for the studied project. This wider approach to development resulted 
in improved resilience both of the local subsistence systems and the local socio-ecological system. 
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Appendices 
Appendix I. Dependent variables used in Johansson et al. [32]. 
Abbr.  Description of variable  Variable characteristics type interval 
Sr1–30 
No of sample households with 1 to 30 agroforestry 
trees/soil-improvers (3 m soil-improvement hedge = 1 tree) 
surviving on their farm  
discrete/interval  0–21 
Sr ≥ 40 
No of sample households with 40 or more agroforestry 
trees/soil-improvers (3 m soil-improvement hedge = 1 tree) 
surviving on their farm 
discrete/interval  0–21 
Sp ≥ 5 
No of households with 5 or more surviving agroforestry-
tree species of the species promoted by the project 
discrete/interval  0–21 
SrX 
Average number of agroforestry-trees/soil-improvers 
surviving per sample household in a village, i.e., the total 
number of surviving trees (3 m of soil improvement 
hedges = 1 tree) divided by all 21 sample household 
continuous/interval  2.9–140.4 
SrS 
The accumulated total number of seasons from which the 
21 sample household was found to have surviving 
agroforestry trees 
continuous/interval  3–41 Sustainability 2013, 5  5217 
 
Appendix II. Factors and independent variables used in Johansson et al. [32]. 
Factor/variable  Description 
Variable  Method of 
analysis  scale  type 
i. The Institutional context       
DST  District: 1 Tarime, 2 Musoma rural, 3 Bunda  nominal  discrete 1–3  single anova 
ZON 
Project zone: 1 Shirati, 2 Kinesi, 3 Musoma,  
4 Suguti, 5 Majita, 6 Kenkombyo, 7 Nansimo 
nominal  discrete 1–29  single anova 
VEHh 
Level of cooperation between VEA & 
households according to project advisors & 
Zonal Managers; 
ordinal scale  discrete 1–5  2-way anova 
1 = very poor  4 = good   
2 = poor  5 = very good   
3 = normal     
VEVL 
Level of cooperation between VEA & village 
leadership to Project advisors & Zonal Managers; 
ordinal scale  discrete 1–5  2-way anova  1 = very poor  4 = good   
2 = poor  5 = very good   
3 = normal     
VLHh 
Level of cooperation between village leadership & 
households according to Project advisors & Zonal 
Managers; 
ordinal scale  discrete 1–5  2-way anova 
1 = very poor  4 = good   
2 = poor  5 = very good   
3 = normal     
Cle 
The village proportion of households scoring the 
cooperation between village leaders and project 
extension agent to be good using three options: 
ratio scale  continuous 0–1  co-anova 
good  normal  poor 
Clh 
The village proportion of households scoring the 
cooperation between village leaders and 
themselves to be good, using three options: 
ratio scale  continuous 0–1  co-anova 
good  normal  poor 
ii. The local belief system       
Bh 
The village proportion of households believing 
they own the trees they plant. 
ratio scale  continuous 0–1  co-anova 
Be3 
The village proportion of households believing in 
the good effect of agroforestry 
ratio scale  continuous 0–1  co-anova 
Ps 
The village proportion of households ranking of 
PLANTING SEEDLINGS according to 
instructions among the three least demanding tasks 
out of 6 normal agricultural/AF-tasks 
- making crop ridges 
- making tied ridges 
- plant cassava 
- sow tree seed 
- sow maize 
ratio scale  continuous 0–1  co-anova Sustainability 2013, 5  5218 
 
Appendix II. Cont. 
Factor/variable  Description 
Variable  Method of 
analysis  scale  type 
ii. The local belief system       
Ss 
The village proportion of households ranking the 
task to SOW TREE SEED according to 
instructions among the three least demanding tasks 
out of 6 normal agricultural/AF-tasks: 
- making crop ridges 
- making tied ridges 
- plant cassava 
- planting tree seedling 
- sowing maize 
ratio scale  continuous 0–1  co-anova 
iii. The physical environment       
LAK 
Mean distance from village middle to the Lake 
shore in km 
ratio scale  discrete 1–8  2-way anova 
MDW 
Main source of domestic water: 
1 = Lake only 
0 = Other source 
binary scale  discrete 0 or 1  2-way anova 
MS 
Main soil type of the village: 
1 = Mbuga (clay rich soil) only and/or  
some Luseni 
0 = Luseni (sandy soil) only and/or some Mbuga 
binary scale  discrete 0 or 1  2-way anova 
vi. The subsistence system       
MEA 
Main Economic activity of the village: 
1 = Agriculture only/agriculture mainly and  
some fishing 
0 = Fishing mainly and some agriculture or 
fishing only 
binary scale  discrete 0 or 1  2-way anova 
MTM 
Main tilling method used in the village: 
1 = Ridging only or ridging mainly and some flat 
ox-ploughing 
0 = Flat ox-ploughing mainly and some ridging 
or flat ox-ploughing only 
binary scale  discrete 0 or 1  2-way anova 
MC 
Main Crop type: 
1 = Cassava only 
0 = Cassava and some other crop, i.e., uCotton, 
Sorghum and/or Maize 
binary scale  discrete 0 or 1  2-way anova 
v. The project and the project extension agents       
Ttu 
Farmers tours: Total No of farm-to farmers 
tours that the sample households have 
participated in as stated by the households 
themselves, divided by 21 
ratio scale  continuous 0–1  co-anova 
Tws 
Training workshop: Total No of training 
workshop that the sample households have 
participated in as stated by the households 
themselves, divided by 21 
ratio scale  continuous 0–3  co-anova 
VIM 
Vi AFP-months—No of months that the 
project have been active in the village 
ratio scale 
approximately 
continues 14–65 
co-anova Sustainability 2013, 5  5219 
 
Appendix II. Cont. 
Factor/variable  Description 
Variable  Method of 
analysis  scale  type 
v. The project and the project extension agents       
SEX 
Gender of the project extension agent in  
the village: 
1 = female 
0 = male 
binary scale  discrete 0 or 1  2-way anova 
VEIS 
In-service training; number of weeks of  
in-service training that the project extension 
agent has participated in 
ratio scale  discrete 3–8  2-way anova 
VEM 
Number of months that the project extension 
agent has been employed by the project 
ratio scale 
approximately 
discrete 3–75 
co-anova 
VEHL 
Mother tongue of the project extension agent 
in relation to the main language in her/  
his village: 
1 = the same language 
0 = not the same language 
binary   discrete 1 or 0  2-way anova 
VELE 
Duration/level of education of the project 
extension agent: 
1 = 3 years certificate, 2 years diploma or  
3–4 years BSc 
0 = Work experience and no education or up 
to 2 years certificate education 
binary scale  discrete 0 or 1  2-way anova 
VEDE 
Education discipline of the project  
extension agent: 
1 = Education related to agriculture, 
livestock prod, forestry, and/or land-use 
0 = Community development, 
veterinary/animal health and/or 
education/teacher 
binary scale  discrete 0 or 1  2-way anova 
Kef 
The village proportion of households ranking 
the project extension agent as number one in 
agroforestry knowledge among seven other 
key actors in the village; 
-  agricultural extension agent  
-  village executive officer 
-  village chairman 
-  Hh interviewee (ideally household head) 
-  wife or husband of interviewee/  
household head 
-  son in the Hh 
-  daughter in the Hh 
ratio scale  continuous 0–1  co-anova 
Def 
The village proportion of households ranking 
the project extension agent as number one in 
devotion to agroforestry among five other key 
actors in the village: 
-  agricultural extension agent 
-  village executive officer 
-  village chairman 
-  sub-village leader 
-  active agroforestry farmer 
ratio scale  continuous 0–1  co-anova Sustainability 2013, 5  5220 
 
Appendix III 
Figure A1. Scatter plot of the village proportion of households believing they own the 
trees  they  plant  (Bh)  against  the  proportion  of  households  with  40  or  more  surviving 
agroforestry trees (Sr ≥ 40), the proportion of households with  five or more surviving 
agroforestry  species  (Sp  ≥  5),  the  average  number  of  surviving  agroforestry  trees  per 
household (SrX)  and the  accumulated total  number of seasons  from  which  the sample 
household was found to have surviving agroforestry trees (SrS) using the administrative 
district or project zone as the categorical factor. 
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Figure A2. Scatter plot of the village proportion of households believing in the good effect 
of  agroforestry  (Be3)  against  the  proportion  of  households  with  40  or  more  surviving 
agroforestry trees (Sr ≥ 40),  the proportion of households with  five or  more surviving 
agroforestry species (Sp ≥ 5) and the average number of surviving agroforestry trees per 
household (SrX) using the administrative district or project zone as the categorical factor. 
 
References 
1.  Baalman,  P.;  Schlamadinger,  B.  Scaling  up  AFOLU  Mitigation  Activities  in  Non-Annex  I 
Countries; Working paper of the climate strategy & GHG services for the Eliasch Revies; Climate 
Strategies: Cambridge, UK, 2008. 
2.  Rights and Resources Initiative. Seeing People through the Trees: Scaling up Efforts to Advance 
Rights and Address Poverty, Conflict and Climate Change; RRI: Washington, DC, USA, 2008. 
3.  Nair,  P.K.R.;  Kumar,  B.M.;  Nair,  V.D.  Agroforestry  as  a  strategy  for  carbon  sequestration.  
J. Plant Nutr. Soil Sci. 2009, 172, 10–23. 
4.  Nair, P.K.R.; Nair, V.D.; Kumar, B.M.; Showalter, J.M. Carbon sequestration in agroforestry 
systems. Adv. Agron. 2010, 108, 237–307. 
5.  Akinnifesi, F.K.; Chirwa, P.W.; Ajayi, O.C.; Sileshi, G.; Matakala, P.; Kwesiga, F.R.; Harawa, R.; 
Makumba,  W.  Contribution  of  agroforestry  research  to  livelihood  of  smallholder  farmers  in 
southern Africa: 1. Taking stock of the adaptation, adoption and impact of fertilizer tree options. 
Agric. J. 2008, 3, 58–75. 
6.  Akinnifesi, F.K.; Sileshi, G.; Ajayi, O.C.; Chirwa, P.W.; Kwesiga, F.R.; Harawa, R. Contributions 
of agroforestry research and development to livelihood of smallholder farmers in southern Africa: 
2. Fruit, medicine, fuelwood, and fodder tree systems. Agric. J. 2008, 3, 76–88. 
7.  Jose,  S.  Agroforestry  for  ecosystem  services  and  environmental  benefits:  An  overview.  
Agrofor. Syst. 2009, 76, 1–10. 
Be3
S
p
5
0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
DST
3
1
2
Scatterplot of Sp5 vs Be3
Be3
S
r
4
0
0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
Scatterplot of Sr40 vs Be3
Be3
S
p
5
0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
ZON
3
4
5
6
7
1
2
Scatterplot of Sp5 vs Be3
Be3
S
r
X
0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0
140
120
100
80
60
40
20
0
DST
3
1
2
Scatterplot of SrX vs Be3Sustainability 2013, 5  5222 
 
8.  Oyebade,  B.A.;  Aiyeloja,  A.A.;  Ekeke,  B.A.  Sustainable  agroforestry  potentials  and  climate 
change mitigation. Adv. Environ. Biol. 2010, 4, 58–63. 
9.  Schoeneberger, M.M. Agroforestry: Working trees for sequestering carbon on agricultural lands. 
Agrofor. Syst. 2009, 75, 27–37. 
10.  Kalaba,  K.F.;  Chirwa,  P.;  Syampungani,  S.;  Ajayi  O.C.  Contribution  of  Agroforestry  to 
Biodiversity and Livelihoods Improvement in Rural Communities of Southern African Regions. 
In Tropical Rainforests and Agroforestry under Global Change: Ecological and Socio-Economic 
Valuations; Tscharntke, T., Leuschner, C., Veldkamp, E., Faust, H., Guhardja, E., Bidin A., Eds.; 
Springer: New York, NY, USA, 2010; pp. 461–476. 
11.  Franzel,  S.;  Denning,  G.L.;  Lillesø ,  J.P.B.;  Mercado,  A.R.,  Jr.  Scaling  up  the  impact  of 
agroforestry: Lessons from three sites in Africa and Asia. Agrofor. Syst. 2004, 61, 329–344. 
12.  Cooper, P.J.; Leakey, R.R.B.; Rao, M.R.; Reynolds, L. Agroforestry and the mitigation of land 
degradation in the humid and sub-humid tropics of Africa. Exp. Agric. 1996, 32, 235–290. 
13.  Franzel, S., Scherr, S.J., Eds. Trees on the Farm: Assessing the Adoption Potential of Agroforestry 
Practices in Africa; CAB International: Wallingford, UK, 2002; p. 197. 
14.  Place, F.; Franzel, S.; de Wolf, J.; Rommelse, R.; Kwesiga, F.; Niang, A.; Jama, B. Agroforestry 
for  Soil  Fertility  Replenishment:  Evidence  on  Adoption  Processes  in  Kenya  and  Zambia.  In 
Natural Resources Management in African Agriculture: Understanding and Improving Current 
Practices; Barrett, C.B., Place, F., Aboud, A.A., Eds.; CAB International: Wallingford, UK, 2002; 
pp. 155–168. 
15.  Sanchez, P.A. Science in agroforestry. Agrofor. Syst. 1995, 9, 259–274. 
16.  Pollini,  J.  Agroforestry  and  the  search  for  alternatives  to  slash-and-burn  cultivation:  From 
technological optimism to a political economy of deforestation. Agric. Ecosyst. Environ. 2009, 
133, 48–60. 
17.  Mercer, D.E.; Miller, R.P. Socioeconomic research in agroforestry: Progress, prospects, priorities. 
Agrofor. Syst. 1997, 38, 177–193. 
18.  Pattanayak,  S.K.;  Mercer,  D.E.;  Sills,  E.;  Yang,  J.C.  Taking  stock  of  agroforestry  adoption 
studies. Agrofor. Syst. 2003, 57, 173–186. 
19.  Ajayi, O.C.; Akinnifesi, F.K.; Seleshi, G.; Chakeredza, S. Adoption of renewable soil fertility 
replenishment technologies in the southern African region: Lessons learnt and the way forward. 
Nat. Resour. Forum 2007, 31, 306–317. 
20.  Kiptot,  E.P.;  Hebinck,  P.;  Franzel,  S.;  Richards,  P.  Adopters,  testers  or  pseudo-adopters? 
Dynamics of the use of improved tree fallows by farmers in Western Kenya. Agric. Syst. 2007, 94, 
509–519. 
21.  International Institute of Rural Reconstruction. Going to Scale: Can We Bring More Benefits to 
More People More Quickly? IIRR: Cavite, Philippines, 2000; p. 114. 
22.  Farrington, J.; Lobo, C. Scaling up participatory watershed development in India: Lessons from 
the Indio-German watershed development program. Odi Nat. Resour. Perspect. 1997, 17, 1–6. 
23.  Elbakidze, M.; Angelstam, P.K.; Sandstrom, C.; Axelsson, R. Multi-stakeholder collaboration in 
Russian  and  Swedish  model  forest  initiatives:  Adaptive  governance  toward  sustainable  forest 
management? Ecol. Soc. 2010, 15, 1–20. Sustainability 2013, 5  5223 
 
24.  Long, N.; Long, A. Battlefields of Knowledge: The Interlocking of Theory and Practices in Social 
Research and Development; Routledge: London, UK, 1992. 
25.  Long, N. Development Sociology, Actor Perspectives; Routledge: London, UK, 2001. 
26.  Sanginga, P.C.; Chitsike, C.A.; Njuki, J.; Kaaria, S.; Kanzikwera, R. Enhanced learning from 
multi-stakeholder partnerships: Lessons from the enabling rural innovation in Africa programme. 
Nat. Resour. Forum 2007, 31, 273–285. 
27.  Daniels, S.E.; Walker, G.B. Working through Environmental Conflict- the Collaborative Learning 
Approach; Praeger: Westport, CT, USA, London, UK, 2001. 
28.  Montambault,  J.R.;  Alavalapati,  J.R.R.  Socioeconomic  research  in  agroforestry:  A  decade  in 
review. Agrofor. Syst. 2005, 65, 151–161. 
29.  Mercer, D.E. Adoption of agroforestry innovations in the tropics: A review. Agrofor. Syst. 2004, 
63, 311–328. 
30.  Johansson, K.-E.V.; Nylund, J.-E. NGO Policy Change in Relation to Donor Discourse: The Case 
of Vi Skogen; Report No. 8; The Swedish University of Agricultural Sciences, Department of 
Forest Products: Uppsala, Sweden, 2008.  
31.  Johansson,  K.-E.V.;  Elgströ m,  O.;  Kimanzu,  N.;  Nylund,  J.-E.;  Persson,  R.  Trends  in 
development aid, negotiation process and NGO policy change. Voluntas 2010, 21, 371–392. 
32.  Johansson, K.-E.; Axelsson, R.; Kimanzu, N. Mapping the relationship of inter-village variation 
in  agroforestry  tree  survival  to  social  and  ecological  characteristics:  The  case  of  the  Vi 
Agroforestry project, Mara region, Tanzania. Sustainability 2013, 5, 5171–5194. 
33.  Vi Agroforestry. Annual Report; Larsson Offsettryck: Linkö ping, Sweden, 2012. 
34.  Viklund, K. Vi-Skogen: Ett grö nt bistå ndsprojekt. In Examensarbete vid Journalisthö gskolan i 
Gö teborg  (in  Swedish);  Institutionen  fö r  journalistik  och  masskommunikation,  Gö teborgs 
Universitet: Gö teborg, Sweden, 1992. 
35.  Haldin,  G.;  Kopper,  B.;  Auren,  R.  Support  to  the  Vi  Agroforestry  Program;  Sida  Evaluation 
2000/32; Department of Natural Resources and the Environment: Stockholm, Sweden, 2000. 
36.  Barklund,  Å.  The  VI  Agroforestry  Programme  in  Kenya,  Tanzania  and  Uganda;  A  Report 
Prepared for the Project ―Lessons Learned on Sustainable Forest Management in Africa‖ of The 
Royal Swedish Academy of Agriculture and Forestry (KSLA); African Forest Research Network 
(AFORNET) and Food and Agriculture Organisation of the United Nations (FAO): Upplands 
Vä sby, Sweden, 2004. 
37.  Sandru, R. The Sustainability of Aid: The Case of the Vi Agroforestry Programme. Master‘s 
Thesis, Uppsala University, Uppsala, Sweden, 2012. 
38.  Tö rnqvist, A. Geografi, agroforestry och GIS i ö stra Afrika: Att analysera landskap med blivande 
geografilä rare. Geografiska Notiser 2012, 70, 6–16, (in Swedish). 
39.  The Planning Commission & Regional Commissioner‘s Office. Mara Region  Socioeczonomic 
Profile; The United Nations Population Fund: Dar es Salaam, Tanzania, 1998. 
40.  Swallow, B.M.; Sang, J.K.; Nyabenge, M.; Bundotich, D.K.; Anantha, K.; Duraiappah, A.K.; 
Yatich, T.B. Tradeoffs, synergies and traps among ecosystem services in the Lake Victoria basin 
of East Africa. Environ. Sci. Policy 2009, 12, 504–519. Sustainability 2013, 5  5224 
 
41.  Odada, E.O.; Olago, D.O.; Kulindwa, K.; Ntiba, M.; Wandiga, S. Mitigation of environmental 
problems in Lake Victoria, East Africa: Causal chain and policy options analyses. AMBIO 2004, 
33, 13–23 
42.  Vi Agroforestry Project, Mara Region, Tanzania. Annual Project Report for the Fiscal Year 2000. 
Unpublished work, 2001. 
43.  Glasser,  B.G.;  Strauss,  A.L.  The  Discovery  of  Grounded  Theory:  Strategies  for  Qualitative 
Research; Aldine Transaction: New Bruinswick, Canada, London, UK, 2008. 
44.  English,  M.;  Nzinga,  J.;  Mbindyo,  P.;  Ayieko,  P.;  Irimu,  G.;  Mbaabu,  L.  Explaining  
the  effects  of  a  multifaceted  intervention  to  improve  inpatient  care  in  rural  Kenyan  
hospitals—interpretation based on retrospective examination of data from participant observation, 
quantitative and qualitative studies. Implement. Sci. 2011, doi: 10.1186/1748-5908-6-124. 
45.  O‘Cathain, A.; Murphy, E.; Nicholl, J. Three techniques for integrating data in mixed methods 
studies. Br. Med. J. 2010, 341, c4587. 
46.  Bowen, D. Exploring Service Systems from a Consumer Perspective: Participant Observation in 
the Tourism Industry. In Proceedings of the International Conference on Service Systems and 
Service Management, Beijing, China, 19–21 July 2004; International Academic Publisher Ltd.: 
Hong Kong, 2004; Volumes 1 and 2, pp. 850–856. 
47.  Tenngart Ivarsson, C.; Grahn, P. Differently designed parts of a garden support different types of 
recreational walks: Evaluating a healing garden by participatory observation. Landsc. Res. 2012, 
37, 519–537. 
48.  United  Republic  of  Tanzania.  Forest  (Reserved  Trees)  Order.  Available  online: 
http://faolex.fao.org/docs/pdf/tan5275.pdf (accessed on 12 October 2013). 
49.  Kidd, A.D. Analysis of an approach to developing ‗viable policy‘: A case study of a university 
linkage project. Land Use Pol. 1993, 10, 16–25. 
50.  Sood, K.K.; Mitchell, P. Identifying important biophysical and social determinants of on-farm tree 
growing in subsistence-based traditional agroforestry systems. Agrofor. Syst. 2009, 75, 175–187. 
51.  Axelsson, R.; Angelstam, P.; Myhrman, L.; Sä dbom, S.; Ivarsson, M.; Elbakidze, M.; Andersson, K.; 
Cupa, P.; Diry, C.; Doyon, F.; et al. Evaluation of multi-level social learning for sustainable 
landscapes: Perspective of a development initiative in Bergslagen, Sweden. AMBIO 2013, 42, 
241–253.  
©  2013  by  the authors;  licensee  MDPI,  Basel,  Switzerland.  This  article  is  an  open  access  article 
distributed  under  the  terms  and  conditions  of  the  Creative  Commons  Attribution  license 
(http://creativecommons.org/licenses/by/3.0/). 